Open defecation, which is still practiced by about a billion people worldwide, is one of the most compelling examples of how place influences health in developing countries. Efforts by governments and development organizations to address the world's remaining open defecation would be greatly supported by a better understanding of why some people adopt latrines and others do not. We analyze the 2005 and 2012 rounds of the India Human Development Survey (IHDS), a nationally representative panel of households in India, the country which is home to 60% of the people worldwide who defecate in the open. Among rural households that defecated in the open in 2005, we investigate what baseline properties and what changes over time are associated with switching to latrine use between 2005 and 2012.
Sanitation is one of the characteristics of a person's physical environment that is most important for her health and human capital development. An accumulating body of research links open defecation to intestinal diseases which reduce the absorption of calories and nutrients, and lead to malnutrition and impaired cognitive development among children. Because poor sanitation has been linked to infant mortality, child stunting (Cutler and Miller, 2005; Headey, 2015) , and other health outcomes (Nandi et al., 2017) Changing sanitation behavior is the primary challenge to reducing open defecation in rural parts of the developing world (Aboud and Singla, 2012; . This paper seeks to inform this pursuit by investigating the characteristics of households in rural India that built latrines between 2005 and 2012. In particular, we ask: among rural households that defecated in the open in 2005, what baseline properties and changes predict switching to a latrine or toilet during this period? Our analysis uses panel data that is uniquely suited for this question because it tracks the same households over time.
Our empirical analyses test four hypotheses suggested by the literature that we discuss in section 2:
Hypothesis 1. Households that had greater economic resources at baseline or a greater improvement in economic status were more likely to switch to latrines.
Hypothesis 2. Households that had more education at baseline were more likely to switch to latrines.
Hypothesis 3. Switching to latrines is associated with certain household demographic structures: having a newly married woman join the household or having an older adult member was associated with an increased likelihood of switching to latrines.
Hypothesis 4. Switching to latrines often accompanied other investments in home construction: households that switched to formal ( pacca) walls over this period were more likely to switch to latrines.
By testing these hypotheses with panel data from rural India, we expand on the evidence in the literature on sanitation behavior in developing countries. We find support for each of these four hypotheses, but in each case, we find that the magnitude of the associations between the predictor and switching to latrine use is quantitatively small. In other words, what is notable about our results is not which variables are statistically significant, but how shallow their regression slopes are. To give an example of one such finding: being a household in which the most educated male completed ten years of schooling rather than six is linearly associated with that household being only about four percentage points more likely to switch to a toilet or latrine. This research is related to studies from other countries that seek to understand motivations for sanitation adoption or non-adoption, such as Jenkins and Curtis (2005a) in Benin, Santos et al. (2011) in Brazil, Rheinländer et al. (2010) in Vietnam, and Guiteras et al. (2015) in Bangladesh. We particularly build upon prior theoretical literature about the adoption of water, sanitation, and hygiene behaviors , as well as on qualitative investigations of the social context which supports widespread open defecation in rural India and undermines government and NGO sanitation programs (O'Reilly et al., 2016; Coffey et al., 2017; Routray et al., 2015a) . We study social and economic correlates of latrine adoption over time in the population, rather than reporting on sanitation interventions (Waterkeyn and Cairncross, 2005; Evans et al., 2014; Jenkins and Scott, 2007a) .
The quantitative facts of latrine adoption in rural India that we document present a striking challenge for policy-makers and health researchers who seek to reduce open defecation in rural India. Widespread open defecation is likely to persist until programs and policies by governments and agencies begin to focus less on whether or not an individual household owns the physical asset of a latrine, and more on the social context, which, for reasons we discuss in section 5, does not yet support the adoption of affordable latrines. Our results highlight a similar challenge for researchers: in order to document the effects of open defecation on health, researchers must first learn how to cause reductions in open defecation.
Background on sanitation adoption
What explains why some households adopted latrines over this period and others did not?
Our paper tests several hypotheses suggested by the existing literature on sanitation adoption.
The first hypothesis is that households that had greater economic resources at baseline or a greater improvement in economic status were more likely to switch to latrines. Case (2002) finds that South African households that benefited from a government program that increased their incomes were more likely to invest in toilets than those that did not.
The second hypothesis is that households that had more education at baseline were more likely to switch to latrines. Barnard et al. (2013) find evidence that households in the Indian state of Orissa in which the female head had been to secondary school were more likely to use latrines provided by the government.
Several prior papers on sanitation relate to the third hypothesis, that households in rural India that have a newly married woman would be more likely to adopt latrines than those that do not. Stopnitzky (2016) studies the Haryana government's "No toilet, no bride" campaign and finds that households are more receptive to messages about latrine construction at times when a young man is getting married -that is, when a new daughter-in-law is entering the household. It is noteworthy, though, that the effect size was quantitatively modest and that Haryana is a relatively wealthy state. The campaign increased latrine adoption primarily in places where brides were scarce due to skewed sex ratios. So, this result may not apply to poorer states, or to places with better sex ratios. Other research on gender and sanitation highlights the difficulties that some women face while defecating in the open (Sahoo et al., 2015; Khanna and Das, 2015) .
The fourth hypothesis, that sanitation adoption might accompany other home improvements is supported by evidence from Brazil, presented by Santos et al. (2011) , who find that sanitation adopters were more likely than non-adopters to express interest in modernizing their homes.
We find that each of these factors statistically significantly predicts switching to latrine adoption in rural India. The more striking result, though, will be that the magnitudes of the associations between these predictors, which have been found to be important in other countries and in localized parts of India, are small. Section 5 discusses reasons why sanitation adoption in rural India is so slow and what steps policy makers and researchers might take to speed it in light of these results.
Data and methods

Data sources
We use nationally-representative panel data from the India Human Development Survey We focus on rural India because according to the 2011 Census, 90% of the households that lack a toilet or latrine are in rural, rather than urban, India. The IHDS stratified its sampling over rural and urban parts of Indian states, so using the rural sub-sample produces estimates that are representative of rural India. We limit our sample according to three inclusion criteria:
• We include only rural households.
• We include only households that appeared in both survey rounds, and did not split between survey rounds.
• We include only households that report open defecation in the 2005 round.
These inclusion criteria leave us with a sample of 13,739 households to test our hypotheses.
Each table and figure uses this sample. Throughout the paper, every result uses the IHDS sampling weights and every standard error is computed with clustering by primary sampling unit (PSU) to reflect the two-stage survey design of the IHDS.
Summary statistics. Table 1 presents summary statistics describing our sample. The sample is split among households that did and did not switch to using a latrine or toilet by 2012. 23% of rural households without a latrine at baseline switched to sanitation over this period. Switching households are different from non-switchers, on average: they are richer, better educated, less likely to be Hindu, and have different demographic structures. Both sets of households experienced considerable economic growth over this period. Households that adopted latrines experienced an increase of 38% in monthly consumption per capita; households that did not adopt latrines experienced an increase of 33% in monthly consumption per capita. This corresponds with annualized growth rates in consumption of 4.8% and 4.1%, respectively. (As is standard in economic surveys in developing countries, consumption per capita is measured for the month before the survey, not for the entire year. This means that any seasonality in annual consumption patterns cannot easily be separated from a household's economic growth. Here, we computed average, annualized, household-level changes, assuming constant growth, as e ln(c 2012 )−ln(c 2005 ) 1 7 .) Data limitations. One of the advantages of our research design is our data: the IHDS is a nationally representative sample of households and it is a panel dataset. However, there are also a few limitations of using the IHDS data to explore predictors of sanitation adoption.
One is that, like the Demographic and Health Surveys and the Census of India, the IHDS asks only a single household-level question about sanitation, which combines latrine ownership and latrine use. In particular, the question asks "Does the household have a toilet of its own?" This question appears to refer to latrine ownership rather than use, but the negative option is written on the survey form as "No facility belonging to household (or open fields),"
suggesting that some households which own a latrine but which use the "open fields" would have been coded as no.
Another limitation of the IHDS sanitation question is that it does not allow us to separate latrine use by person within the household. Recent surveys in rural India which do ask a person-specific question about sanitation behavior find a considerable amount of open defecation even in households that own latrines (Clasen et al., 2014; Coffey et al., 2014; Patil et al., 2014) . Person-level open defecation is a better indicator of the disease environment than household level latrine ownership. This is especially true in rural India where prior literature has found that many people who live in a household that owns a latrine do not use it (Coffey et al., 2014) .
Another potentially useful piece of information which the IHDS does not provide is whether the latrine was privately constructed or subsidized by the government. We prin-cipally interpret a change in households' answers to the IHDS question to reflect private latrine construction by households for several reasons: a household survey in five states of rural north India found that 79% of households with latrines had constructed them using only private resources (Coffey et al., 2014) , many government-constructed latrines are incomplete, "missing," or otherwise not usable (Hueso and Bell, 2013) , and households in this context are most likely to use latrines that they construct for themselves with large pits or tanks.
However, it is certainly true that some cases of change in the data will be due to government construction, or even to households beginning to use a previously unused existing latrine.
A final limitation related to latrine construction is that we cannot observe when exactly within the 2005 to 2012 interval a household switched to a latrine. This means we cannot test precisely whether switching to latrines slightly preceded or followed the household-level changes that we study, such as a newly married woman joining the family or improving the building materials of the house's walls.
Finally, the IHDS measured only some variables of interest related to latrine adoption.
It contains a large number of demographic and economic variables, but it did not collect information about whether sanitation policies were reaching households, nor about individual attitudes towards latrine use. Certainly, it would be useful to include these variables in our analysis of latrine adoption if they were available. Nevertheless, we believe that the IHDS panel data presents a unique opportunity to quantify associations between commonly discussed predictors and latrine adoption. For each hypothesis, we first investigate graphically how the variables of interest predict switching to latrine use between 2005 and 2012. Although a correlation between religion and switching to latrines is not a hypothesis of this paper, we present descriptive results separately for Hindu and non-Hindu households. This is because prior studies of National Family Health Survey data find very large differences in latrine use between Hindus and non-Hindus (Vyas and Spears, 2017; Geruso and Spears, forthcoming) . Using the IHDS data, we find that holding other variables constant, whether or not a household is Hindu is a strong predictor of latrine adoption.
Empirical strategy
After presenting descriptive results graphically, we present the results of a regression analysis. Our dependent variable is an indicator that is equal to 1 if a household that did not use a latrine in 2005 switched by 2012. Therefore, even though the data provide two observations per household, each household appears once in our regression data. We fit the following model of household behavior: • α: A set of indicators for each of the Indian states. These permit us to study variation across households holding state-level properties constant.
• SC : An indicator for whether or not a household is Scheduled Caste.
• Hindu: An indicator for whether or not the household is Hindu.
Our approach is not intended to estimate causal effects in the sense of econometric identification, but rather to describe which factors are associated with switching to sanitation, when considered together. Therefore, we do not claim that our independent variables represent quasi-random exogenous variation, but instead assess the fit of our regression model and its robustness or stability to changes in specification. Even without causal identification, such analyses can speak to theories of sanitation behavior, can be consistent or inconsistent with claims in the literature, and can help sanitation policy learn to target households or communities that are particularly likely or unlikely to switch to latrines.
Ethics approval
We analyze anonymized, publicly available secondary data. Therefore, the study did not require prior approval from an Institutional Review Board.
Results
State-level changes in latrine use
Most households in rural India lack a toilet or latrine, and the large majority of persons in 
Economic status
Were households that were richer in the baseline period, and households whose economic status increased by more, more likely to switch to latrines over the period studied? This is plausible considering that, as described above, most latrine adoption in this setting would be through privately constructed latrines with expensive pits or tanks, rather than affordable pit latrines such as those found in sub-Saharan Africa or other parts of Asia (Coffey et al., 2014) .
The locally weighted regressions in figure 2 indicate that baseline consumption per capita is positively associated with household latrine adoption. Panel A shows that multiplying baseline consumption per capita by 2.7 (a one unit increase on a log scale) is linearly associated with households being approximately ten percentage points more likely to switch to latrine use. In panel B, the increase in consumption is less steeply correlated with latrine adoption among Hindus, and not at all for non-Hindus. However, this non-association could reflect the omitted variable bias of partial correlation: in particular, if baseline consumption and the increase in consumption are both important, then the slope of the increase in consumption will be (mechanically) biased negatively unless the baseline level is also accounted for. (This is because ∆c = c 2 − c 1 , so if c 1 has an independent positive effect, the fact that it is subtracted from c 2 to produce ∆c (and therefore has a negative sign) will cause a negatively-signed omitted variable bias.)
The regression results in table 2 are consistent with this interpretation: both the initial level and the change between survey rounds in consumption per capita are robustly associated with households being more likely to switch to latrines over the period studied.
However, the coefficients are small in magnitude, consistent with the fact that only 23% of the studied households switched. To illustrate the shallowness of these gradients, multiplying a household's 2005 consumption per capita by 10 would only be linearly associated with a 28 percentage point increase in the likelihood of switching over these seven years (ln(10) ×β = ln(10) × 0.121 = 0.279).
Education
As an illustration of the relationship between baseline adult education and switching to latrine use, figure 3 documents that households with higher female education in 2005 were more likely to switch to toilets or latrines: households in which a woman has a bachelor's degree or higher are about 50 percentage points more likely to switch, on average, than households with no educated females. However, the skewed distribution of education in rural India in 2005 means that this graph must be interpreted with care: in fully 57% of households studied, no adult female had any education. Moreover, education is correlated with economic status and other key variables.
Regression 
Household demographic structure
Based on the literature and on formative qualitative fieldwork, we expected households to be more likely to switch to latrines if a married woman joined the household or if there were a newly elderly member, who may find it difficult to walk to the fields for open defecation. We operationalize the latter as members 70 years old or older. We found mixed support for these hypotheses. Figure 4 reports our descriptive findings. Panel A shows that Hindu households in which a married woman had joined between 2005 and 2012 were a few percentage points more likely to switch to latrines than households that did not. This association is not found among non-Hindu households.
We found no evidence that households with a newly elderly member (through aging above this threshold) were more likely to switch to latrine use. Rather, what seems to matter is the total number of elder members at baseline. This could be because the age and health of household members who are just older than 70 after 2005 would be highly correlated with the age and health of household members who are just under 70 before 2005. Moreover, the average household had one-third as many newly elderly members (over 70) as it did newly Column 4 includes further demographic variables in the spirit of a placebo or falsification test of the results about demographic predictors. We add two categories similar to but distinct from those of interest: males and females age 18-30. An increase in females in this category which is not reflected among married women would indicate an aging into this group of daughters of the household, who had not yet been married into their husbands's household for adult residence. Because men and daughters of the village face different social expectations and mobility constraints than daughters-in-law in rural India (Jeffery et al., 1989; Jejeebhoy and Sathar, 2001) . Families would likely see less of a reason to invest in latrines for these groups than for newly married women. As we expect, neither of these variables statistically significantly predicts sanitation switching, which increases our confidence in our interpretation of our main result.
Contemporaneous construction investments
As we discuss in greater detail below, households in rural India tend to construct latrines with large, expensive substructures and superstructures out of formal materials such as bricks or cement. In a survey in rural north India, Coffey et al. (2014) found that the average adult male thought that a minimally useable latrine would cost over 20,000 rupees: about US$300 at market exchange rates, or almost US$1,500 at the 2011 ICP purchasing power parity rate for individual consumption. We expected that households would be more likely to make the considerable investment in building a latrine when they are otherwise also investing in improving their homes. Although we cannot observe exactly when households built walls or built latrines, we can test whether the households that improved their walls over this seven-year period were more likely to switch to latrines. Figure 5 indicates that they were: households that improved their walls from informal (kaccha) to formal (pacca) walls were over 10 percentage points more likely to be among the 23% of households that switched to latrines over this period. Table 2 confirms that this association is statistically significant and robust as a partial correlation. Although, again, the association is small in magnitude: controlling for other factors, households that improved their walls were two to three percentage points more likely to switch from open defecation than households that did not. Another way of putting this is that even though newly constructing a house from bricks and cement is statistically significantly associated with building and using a latrine, 75% of the households that acquired brick and cement walls over this period did not invest in a latrine.
Column 4 includes a further falsification test about home amenities. It is common to claim in discussions of Indian sanitation that access to water is a constraint on switching from open defecation. However, there is little population-level evidence for this: Coffey and show that open defecation in India is much higher than most poorer countries with worse access to water, and that in the 2011 Census of India (Government of India, 2011), almost half of rural Indian households with piped water on their premises do not own a latrine. As column 4 shows, adding an indicator for change in access to piped water does not improve the model's ability to explain switching from open defecation.
Additional results
The regression results in table 2 find that holding other factors constant, Hindu households were 9 to 13 percentage points less likely to switch to latrines over this time period than non-Hindu households. The difference in latrine adoption between Hindus and non-Hindus is far larger than the difference in latrine adoption between scheduled caste (or "untouchable") households and non-scheduled caste households: conditional on the other predictors in the analysis, scheduled caste households were only about 4 percentage points less likely to adopt latrines than non-scheduled caste households. Finally, moving from column 2 to column 3 of the regression table, we find that adding a set of indicators for Indian states statistically significantly improves the fit of the model without substantially changing any of the estimates or conclusions we describe above.
Discussion
This paper adds to the literature on sanitation behavior in rural India by seeking to understand which households adopted latrines between 2005 and 2012. Using a panel data set,
we ask: what explains why some households adopt latrines in rural India? And, what is the magnitude of the effect size associated with each of the predictors of latrine adoption?
We find support for four hypotheses: that economic status and education are associated with latrine adoption, that latrine adoption is associated with household demographic structure and its changes, and that toilet adoption is more likely to occur when homes are being improved. However, we also find that despite a large average increase in monthly consumption per capita among the rural households we study, only a small minority switched to latrine use over this seven-year period. Indeed, the magnitudes of the associations that we document between latrine adoption and each of the economic, education, demographic, and home improvement investment characteristics that we study are quite small.
These shallow slopes are best understood in the context of very low latrine adoption rates: in the IHDS data only 23% of the 74% of rural households that did not have a latrine The finding that factors that we would expect to strongly predict latrine adoption do so only weakly aligns with prior literature that seeks to understand why open defecation is so high there relative to other contexts. One reason for persistently widespread open defecation in rural India is that the culture of ritual purity and pollution that supports the caste system also complicates and discourages the use of affordable latrines with internationally-normal latrine pits (O'Reilly et al., 2016; Coffey et al., 2017) . Latrines with pits such as those recommended by the WHO and the Indian government will fill and thus require emptying after a few years (WHO, 1996; Government of India, 2007) . The fact that, subjectively for most Indian villagers, only people from "untouchable" castes can empty latrine pits, and the fact that resisting such work has been an important part of untouchables' struggle for equal treatment (Valmiki, 2003; Wilson, 2014) , makes pit latrine adoption less attractive in rural India than in other countries. Both qualitative and quantitative evidence support the claim that understanding social forces governing caste and untouchability are essential for understanding sanitation in rural India (Coffey et al., 2017; Routray et al., 2015b; Spears and Thorat, forthcoming) .
The idea that social forces rooted in Hinduism are important for sanitation outcomes in India is further supported by cross-sectional findings about differences in latrine use by religion which have been explored elsewhere in the literature and by the panel analysis that we present here. Vyas and Spears (2017) was 4 percentage points more likely to have a literate member; and was 7 percentage points more likely to have piped water.
We find only weak associations between latrine adoption and newly married women joining the household. Although development programs and existing research stress the higher demand for latrine use among women than among men, it is important to note that even if new daughters-in-law would like to use a latrine, they would not have the intrahousehold bargaining power to demand investment in one. Moreover, it is not necessarily the case that most young women would choose to build latrines even if they had the financial decision-making power to do so. Coffey and (2013)). Our findings suggest that the Indian government's policy of subsidizing pit latrines did not achieve large-scale behavior change, and may still represent a misguided focus. This policy essentially continues under the current Swacch Bharat Mission (2014-present) . Despite evidence that understanding demand for latrines is important for understanding latrine adoption (Jenkins and Curtis, 2005b; Jenkins and Scott, 2007b) , and that attitudes towards open defecation and latrine use are highly correlated with latrine use , sanitation programs pay little attention to sanitation behavior and social norms. If even the most educated and best-off households adopt latrines at such a slow pace, sanitation policy would likely be more successful if it addressed the underlying social environment in which decisions about where to defecate, and what sort of latrine is socially acceptable, take place.
If the government nevertheless continues to emphasize latrine construction over community engagement and social mobilization, one potentially useful policy shift would be to concentrate resources on the communities where many households are of the types identified as likely to adopt latrines, such as non-Hindu households, or households with elderly or newly-married members. It is important to note, though, that targeting latrine construction may be controversial and may be perceived as inconsistent with the Government of India's may have not detected the effects on health outcomes that are found in population-level studies (Hathi et al., 2017; Coffey et al., forthcoming) because too much open defecation remained in the villages they studied even after latrine promotion interventions.
Our primary recommendation to research funders, therefore, is to invest in studies that test interventions to promote latrine use, even if the funded research does not directly measure impacts on health. Studies that measure health impacts may be able to devote only limited attention to understanding what about an intervention did or did not promote latrine adoption. It could be useful to first focus on better understanding people's reasons for defecating in the open or using latrines, and how sanitation behaviors could be influenced by the sorts of programs that the government would have the capacity to implement; then this knowledge could be applied to facilitate more statistically powerful studies of effects on health. Tests of existing models, which rightly focus on understanding potential latrine users' social and psychological context (Mosler, 2012; Dreibelbis et al., 2013; Devine, 2009) , should be attentive to the special considerations posed by rural India's history of untouchability, which makes it a unique environment in which to attempt to influence sanitation behavior.
Conclusion
This study investigates the factors that are associated with latrine adoption in rural India between 2005 and 2012 using panel data. We find that latrine adoption over this period was very low and that economic status, education, demographic structure, and investments in home improvement are only weakly associated with latrine adoption. Our results point to the need to develop sanitation policies which address a social context that discourages the use of affordable latrines. Yet, exactly how social norms in rural India can be reshaped remains largely unexplored. This is a critical area for future research. The sample is all rural households in the IHDS which did not split between 2005 and 2012 and which did not report a toilet or latrine in the 2005 baseline. F -statistics test whether indicators for 27 state and 5 caste categories (respectively) improve the fit of the model. Weights reflect the original 2005 sample design. Clustered standard errors in parentheses reflect the two-stage sample design; † p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.
